We discuss the physical interpretation of equivalence among isotropy subgroups of space groups in the context of phase transitions in solids. We give some examples from the literature and point out the different ways in which the question of equivalence has been applied.
The Landau theory' of continuous phase transitions provides a powerful tool for understanding transitions between solid phases whose symmetries have a group-subgroup relationship. In the Landau theory, the thermodynamic free energy F of the crystal is written as a function of an order parameter Q. In the high-symmetry phase, the minimum of F is at Q = 0. In the low-symmetry phase, the minimum of I' occurs for some nonzero value of P. Let Go be the space- Often, the low-symmetry phase exhibits domains, so that all n structures are simultaneously present.
For the remainder of this paper, we will refer to these n-equivalent structures of the lower-symmetry phase as the ri domains of that phase.
If G is an isotropy subgroup of Go, then the n subgroups h;Gh; ' are also isotropy subgroups of Go. However, a list of isotropy subgroups of Go needs to contain only one of these n subgroups. The other n -1 isotropy subgroups can be generated using the coset representatives as discussed above. All the domains arise from the same phase transition. If we intend that a list of isotropy subgroups provides a list of distinct possible phase transitions, then there should be only one entry for each group of domains.
In the isotropy subgroup lists we have generated to date, we have taken a different view of equivalence. We used the philosophy that two lower-symmetry structures were physically equivalent only if there existed a physical operation (rotation, translation, or combination), which left the highsymmetry structure invariant but brought one lowersymmetry structure into the other. Thus we only considered coset representatives h; which contained proper point operations (e.g. , rotation). Any pairs of isotropy subgroups which were equivalent only through an element h; which contained an improper point operation (e.g. , inversion), were listed as two separate entries. However, we now feel that the "domain" approach described above makes more sense.
Using this approach, we find that in our published list4 of isotropy subgroups of the two-dimensional space groups there are ten pairs of entries which are physically equivalent in the "domain" approach (Table I) The two space groups, D4 and D47 are actually an enantiomorphic pair. We feel that the domain approach to equivalence among isotropy subgroups is the best criterion to use and ties directly to the orbit-space description defined by Michel. ' We are grateful for stimulating discussions with S. Deonarine and also with R. L. Armstrong.
